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(57) The present invention relates to a method for 
treating a substrate surface. The substrate surface is 
coated with a thin film of a treating agent, which is capa- 
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precursor by exposure to an arbitrary kind of radiation 
beam. In a subsequent metal deposition step utilizing 
the metal precursor, the metal is selectively deposited 
on the exposed or unexposed areas, depending on the 
kind of treating agent. 
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Description 

The present invention relates to a method for treating a substrate surface, a substrate surface which is treated by 
this method, and to the use of such a substrate surface for the manufacture of semiconductor devices or printed circuits 
5 having conductive pathways. Moreover, the present invention relates to a method for producing an at least partially met- 
allized surface. 

In particular in semiconductor device technology, it is desired to obtain predetermined metallization patterns such 
as conductive pathways etc. having well defined dimensions. A conventional process for producing such metallization 
patterns involves the coating of a substrate surface with a photoresist, patterning the photoresist by exposing the sur- 

10 face to such as UWvis-radiation, electron beam or ion beam radiation, subsequently developing the photoresist so as 
to obtain a photoresist pattern, depositing a metal layer by, for example, a CVD process and then removing the photore- 
sist pattern as well as the metal layer which is deposited on the photoresist pattern by means of a lift-off process. 

Accordingly, by these steps it has been possible to selectively deposit a metal. However, the exposure step using 
electron beam or ion beam radiation results in radiation damages of the semiconductor material. Furthermore, the 

is developers and organic solvents used for developing the exposed photoresist layer and the lift-off process, respectively, 
degrade and contaminate the substrate surface. Moreover, the problem of environmental pollution is caused. An addi- 
tional problem is due to the fact that the minimum photoresist layer thickness which can be obtained is about 20 nm and 
that the photoresist layer usually does not have always a uniform thickness. Accordingly, it has been difficult to define 
conductive pathways having a quite narrow and sharp linewidth, since problems with depth of focus and underetching 

so of the developer as well as scattering of the radiation will cause an enlargement of the prescribed structures, which 
additionally will become out of focus. 

Furthermore, when downsizing the device structures, the electrical conductivity of the metals used for metallization 
is becoming an important parameter. Owing to its low resistivity and high electromigration resistance, copper is pre- 
dicted to become the interconnect material for semiconductor device technology at dimensions 0.25 Jim or below. How- 

25 ever, because of its poor adhesion on Si and Si0 2 surfaces and diffusion problems, an intermediate layer, such as TiN, 
is usually required for the deposition of copper films. 

As completely dry metal deposition methods, chemical vapor deposition (CVD) processes are increasingly impor- 
tant for the deposition of thin metal films and for filling of high-aspect ratio vias in VLSI multi-level interconnect schemes. 
As a possible reaction mechanism, the deposition of pure copper films, for example, can be achieved by CVD from 

30 Lewis-base (L) stabilized copper(l) p-diketonate complexes; it results from a thermally induced disproportionation reac- 
tion, shown in Eq. 1 : 

2(p-diketonate)Cu(l)L -> Cu(0) + Cu(ll)(p-diketonate)2 + 2L (1) 

35 An overview of selective chemical vapour deposition of metals from metal-containing compounds is given in the 
article by Mark J. Hampden-Smith and Toivo T. Kodas in Chem. Vap. Deposition 1995, 1, No. 2 entitled "Chemical 
Vapour Deposition of Metals: Part 2 Overview of Selective CVD of Metals*. 

The document WO 95/21030 discloses a method for selectively depositing copper wherein benzyl halide or benzyl 
pseudohalide groups are attached to a substrate surface by treatment with an organosilane reagent having the benzyl 

40 halide or benzyl pseudohalide moieties. The thus treated substrates are exposed to radiation so that the ability of the 
benzyl (pseudo)halide moieties to react with an amino group terminated nucleophilic reagent is reduced at the exposed 
areas, the substrates are contacted with the amino groups on the unexposed areas (negative image), and subsequently 
an electroless plating metallization catalyst like Pd is applied. The catalyst only bonds to the amino group terminating 
areas of the substrate surface. Finally, a copper film is deposited on those areas where the catalyst is present, by 

45 means of a wet process. By attaching diazonaphthoquinone groups instead of benzyl (pseudo)halides to the substrate, 
and subsequently performing the same steps as mentioned above, it is possible to selectively deposit copper at the 
exposed areas (positive image). However, the method disclosed in this document has various drawbacks. In particular, 
it is necessary to apply a catalyst in a wet step. Moreover, copper is deposited from a plating bath, thus involving a fur- 
ther wet step. These wet processing 6teps make the whole method expensive and time-consuming and, in addition, 

so largely degrade the surface. 

The method suggested in the article "Selective Copper Chemical vapor Deposition Using Pd-Activated Organosi- 
lane Films" by Stephen J. Potochnik et al., Langmuir, Vol. 1 1 , No. 6. 1995, reduces the number of wet processing steps 
and, furthermore, uses a CVD process for depositing copper. The method comprises the steps of applying amino-func- 
tional self-assembled silane films on oxidized substrates and attaching a PdCI 4 2 ' based catalyst to the ligating amino- 

55 functional silane film from an aqueous solution. The PdCI 4 2 ' catalyst catalyzes the Cu deposition in a subsequent CVD 
process. By irradiating radiation on the amino-functional silane film the amino-f unctional moieties that are necessary for 
catalyst attachment are cleaved from the surface so that a selective metallization by patterned irradiation becomes pos- 
sible. 

However, this process as well requires the presence of a catalyst which has to be applied in an additional wet 
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processing step. Moreover, only negative images could be produced by irradiation. 

Accordingly, it is an object of the present invention to provide a method which solves the above mentioned draw- 
backs of the state of the art. . 

In particular, it is an object of the present invention to provide a simple method of treating a substrate surface so 

that in a subsequent metallization step a metal is selectively deposited. 

Additionally, it is an object of the present invention to provide a method for producing an at least partially metallized 
surface which solves the above mentioned problems. 

Moreover it is an object of the present invention to provide a substrate having a thus treated substrate surface. 
According to the present invention, the above objects are achieved by a method for treating a substrate surface 
comprising the steps of providing a substrate and applying a thin film comprising a treating agent, said treating agent 
reducing its affinity towards a precursor of a metal to be deposited upon exposure to a radiation beam. 

Alternatively, according to the present invention, the above objects are achieved by a method for treating a sub- 
strate surface comprising the steps of providing a substrate and applying a thin film comprising a treating agent said 
treating agent enhancing its affinity towards a precursor of a metal to be deposited upon exposure to a radiation beam. 

Since in a subsequent metallization step the metal precursor directly reacts with the thus treated substrate surface, 
it is not necessary to apply a catalyst by means of a wet process as in the prior art. Furthermore, the metal can be 
deposited by means of a CVD process so that all steps can be performed in a dry process. Since the affinity towards a 
metal precursor can be changed (i.e. reduced or enhanced) by means of exposure to a radiation beam, rt is possible to 

selectively deposit a metal in a subsequent metallization step. 

The present invention also provides a method for producing an at least partially metallized surface which comprises 
the above method of treating a substrate surface and a step of depositing a metal. 

In addition, the present invention provides a treated substrate which is prepared by a method as defined above. 
Moreover, this treated substrate can be used for the manufacture of semiconductor devices or printed circuits having 
conductive pathways. 
25 Fig. 1 schematically illustrates the principle of the present invention. 

Fig. 2 shows the results obtained in the second example of the present invention. 
Fig. 3 shows the results obtained in the third example of the present invention. 

In the following, the principle of the present invention will be described for the deposition of a metal film on a sub- 
strate with reference to Fig. 1 , wherein the deposition of Cu is illustrated. ^ , » a „ Th» 

30 As shown in Fig. 1a), a thin film, preferably a monolayer, of a treating agent is app ed onto a substr ate i surface The 
treating agent preferably provides a covalent bond to the substrate so that the thin film withstands high temperatures 
and a low pressure with are applied during a CVD process. Moreover, the treating agent is activated or passrvated upon 
irradiation with a radiation beam and - in its irradiated or non-irradiated form - directly reacts with a metal precursor of 
a metal to be deposited. 

35 The treating agent can be represented by the general formula: 

X-L-Y 

wherein X is at least one functional group for bonding to the substrate. L is a linker group, and Y is at least one functional 
40 group enabling the treating agent in its irradiated or non-irradiated form to directly react with the metal precursor. 

The linker group is selected depending on the substrate so as to enable a covalent bond of the applied linker group. 
In the case of using an oxide substrate such as a Si0 2 substrate, it is preferred that the linker group in its applied form 
is a silane compound so that the covalent bonds to the substrate can be achieved by means of aloxane bonds. 
In this case, the treating agent preferably is represented by the general formula 

XkR^SKR 2 *^, 

wherein R 1 and R 2 , respectively, represent a substituted or unsubstituted, branched or straight chain alkyl group, a sub- 
stituted or unsubstituted aryl group or a substitued or unsubstituted aralkyi group, k denotes an integer number of 1 to 
so 3. m denotes an integer number of 1 to 3 and n = 4 - m - k with n * 0. Alternatively. Si may be replaced by Ge or Sa 
The number of carbon atoms of R 1 and R 2 , respectively, is not particularly limited. Nevertheless, in view of better 
linking properties, it is preferred that each of the groups R 1 and R 2 does not have a number of carbon atoms exceeding 

' In the above formula. R 1 and/or R 2 may be f luorinated. The presence of fluorine in R 1 and/or R 2 may modify the 
55 wettability or adhesion properties of the layer. 

In case of using a metal substrate such as a gold substrate or a semiconductor substrate such as a silicon sub- 
strate, it is preferred that the linker group in its applied form is an alkyl compound. 

Moreover X is selected so as to ensure a covalent bond of the linker group to the substrate. Hence. X as well las 
the linker group L preferably are selected depending on the substrate. If the substrate is made of an ox.de such as SiO* 
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examples of X comprise halogen atoms, particularly CI, Br, and J, methoxy or ethoxy groups. If the substrate is made 
of a semiconductor such as silicon, X preferably is a peroxide group. For example, the method described by Matthew 
R. Unford and Christopher E. D. Chidsey in "Alky! Monolayers Covalently Bonded to Silicon Surfaces" in J. Am. Chem. 
Soc. 1993, 115, pp. 12631 to 12632, can be used for providing linker group (alkyl) monolayers which are covalently 
5 bonded to Si(1 11) and Si(1 00) surfaces via peroxide functional groups. Alternatively, unsaturated hydrocarbons can be 
attached to the substrate surface in the presence of a catalyst such as HfePtCle. For example, the following reaction can 
take place: 



In the case of using a metal substrate such as gold or other nobel metals, thiols or disulfides may be used as func- 
20 tional groups X for providing linker group (alkyl) monolayers on the substrates. 

In addition, the functional group Y is selected so that the affinity of the treating agent towards a metal precursor is 
changed upon irradiation with a radiation beam. In particular, the functional group Y - in its irradiated or non-irradiated 
form - directly and immediately reacts with the metal precursor. Accordingly, the functional group Y has to be selected 
depending on the metal precursor employed in a subsequent metallization step. In this respect, previous attempts have 
25 aimed at enhancing the affinity of the treating agent towards the metal atom of the precursor. Accordingly, convention- 
ally amino groups have been preferably used for enhancing the affinity towards the metal atom of the precursor. 

However, as the present inventors surprisingly found out. the selectivity can be in particular be improved by maxi- 
. mizing the affinity towards the ligands of the metal precursor. Accordingly, it is preferred to select the suitable metal pre- 
cursor as well as the suitable functional group Y so that the best affinity of the treating agent towards the ligand of the 
30 metal precursor is obtained. 

The affinity of the treating agent towards metal complexes is enhanced or reduced by exposing the surface to a 
radiation beam. This can be achieved by a rearrangement, transformation, damage, removal, or otherwise change of 
the internal structure of the functional group Y which selectively reacts with the ligand of the metal precursor upon expo- 
sure with a radiation beam. 

35 Examples of the functional group Y which fulfill the above requirements comprise the following: halogen atoms, 
tosylate, CR=CR , 2 , -C-C-R, -SnR 3 , OSiR 3 , N 3 , OS0 2 CR 3 , -OS0 2 Ar, -OCN, -CN, -NC, and -SH, wherein R and R\ 
respectively, respresent a substituted or unsubstituted, branched or straight chain alkyl group, a substituted or unsub- 
stituted aryl group or a substitued or unsubstituted aralkyl group. Of course, other functional groups Y which fulfill the 
above conditions can be employed. 

40 Among these examples, the -SH group is activated upon irradiation with the radiation beam, whereas the other 
examples are passivated upon irradiation with the radiation beam. 

Accordingly, depending on the kind of desired image, preferred treating agents for treating a Si0 2 surface for the 
subsequent deposition of copper include the following: 1-(dimethylchlorosilyl)-2-(p,m-chloromethylphenyI)ethane 
(DMCSE), Trivinylchlorosilane (TVCS), 3-bromopropyltrichlorosilane (BPTCS), 3-iodopropyltrichlorosiIane as a silylat- 

45 ing agent having an enhanced affinity to a metal-precursor after the silylation procedure and a reduced affinity to a 
metal-precursor after exposure to a radiation beam (negative image). Moreover, 3-Mercaptopropyttrimethoxysiiane 
(MPTMS) and Mercaptopropyltriethoxysilane (MPTES), as silylating agents having a reduced affinity to metal-precur- 
sors after the silylation procedure and an enhanced affinity to metal precursors after exposure to a radiation beam (pos- 
itive image). 

so It is further preferred that the functional group Y and the functional group X which covalently bonds to the substrate 
surface are compatible to each other. 

The treating agent can be applied by CVD as well as by other methods such as a wet chemical step utilizing an 
organic solvent or the like. However, the method of applying the treating agent must be chosen so as to ensure the for- 
mation ofO a covalent bond between the substrate surface and the treating agent. 

55 In the case of using a treating agent having an enhanced affinity towards metal precursors after exposure to a radi- 
ation beam, prior to the deposition of the metal, it will be necessary to expose those areas of the surface where the 
metal is to be deposited, to a radiation beam. 

On these derivatized and optionally exposed substrate surfaces, as shown in Figs. 1b) and 1c), a step of at least 
partially depositing a metal layer is performed using a metal precursor. The step of depositing a metal layer which is 
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illustrated in Fig. id), is preferably performed by a CVD process. The step of depositing a metal layer is in particular 
performed utilizing the disproportionation reaction as mentioned above. In this case, the metal to be deposited can be 
provided by any metal 'complex" or "precursor" which underlies the disproportionation reaction according to formula 
(1) The step of depositing a metal layer can also take place even when the disproportionation reaction cannot take 
place Then the bound metal complex can be reduced by a reactive gas as H 2 or SiH 4 leating to the formation of the 
nucleation metallic layer that can induce further metal deposition. Examples for the metal to be deposited include: Ni, 
Ti, Co, Ru, Ag, Au, and Pd. 

The metal precursor used in the metallization step preferably comprises a ligand which is especially selected so as 
to enable a bond to the functional group Y of the treating agent in its irradiated or non-irradiated form. 

Examples of the metal precursor comprise (p-diketonate)MeL and (diketoimine)MeL complex as well as Me(di-ket- 
onate) n complexes, wherein n denotes an integer number of 1 to 4. Me is the metal to be deposited as mentioned 
above in an appropriate oxidation state for the disproportionation reaction, e.g. Cu(l). L denotes a Lewis base such as 
vinyltrimethylsilane (vtms), 3-hexyne or (dimethyl) 1.5-cyclooctadiene (DMCOD), for example. It was shown that the 
best selectivity was achieved when using DMCOD as the Lewis base. The p-diketonate preferably is hexafluoroacety- 
lacetonate (hfac). 

The present invention is in particular advantageous over the prior art methods that no catalyst is necessary for 
depositing the metal on the treated surface. This advantageous feature wiO be explained in the following, taking the dep- 
osition of copper on a Si0 2 surface as a special example. !t has been observed that the functional group -CH 2 CI has 
stimulated the deposition of copper by CVD. In particular, it has been shown that a Cu CVD process conducted under 
the same conditions on an equivalent surface having a -CH 3 group instead of -CH 2 CI will result in a non-uniformly 
deposited Cu film having a very low thickness. In addition, it has been shown that a -CH 2 Br group even provides better 
results than a -CH 2 CI group. It is assumed that the following reaction takes place. 
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In particular, it is assumed that the functional group -CH 2 CI reacts with the ligand hfac which is bonded to a Cu(l)- 
atom In a subsequent reaction step the Cu(l)-atom dlsproportionates to give metallic Cu and Cu(ll) complex. The sub- 
strate surface with the attached ligands hfac that are bonded to the Cu(ll) contains metallic copper that serves as a 
nucleation layer and. thus, enables the deposition of Cu. This propoed mechanism is inspired by the one give by the 
action of alkyl bromide on Cu(ll) or Co(ll) p-diketonate in non-polar solvents (J. Cervello et al., Tetrahedron 46(6), 1990. 
p 2035 M E Lloris et al., Tetrahedron 47(37), 1991, p. 8031). It is a radicalar mechanism that can be transposed in 
the case of activated surfaces. As a consequence, any group leading to radicalar reaction can be chosen as an acti- 
vated group toward Cu CVD. 

Moreover, if the treating agent is applied by a CVD process and the metallization step is performed by a CVD proc- 
ess the same reactor may be used for performing the step of applying the treating agent as well as the step for depos- 
iting the metal layer. Accordingly, time and cost can be further saved and the whole metallization process can be further 

simplified. , . 

For irradiation, known patterning and exposing methods which are known in semiconductor technology can be 
used Preferred radiation sources comprise photon, electron and ion sources. Examples of methods for patterning the 
treated substrate surface include UV exposure systems, vis exposure systems, lasers. X-ray exposure systems, elec- 
tron beam exposure systems comprising scanning electron microscopes and scanning tunneling microscopes and 
focused ion beam exposure systems. 

Moreover, since it is possible to uniformly apply thin films or monolayers of the treating agent on the substrate sur- 
faces, it is in particular possible to define very narrow line widths without any of the disadvantageous effects which are 
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commonly encountered in photoresist techniques. 

In addition, in order to further enhance the selectivity of the metal deposition step, it is preferable to perform, prior 
to the metal deposition, a further step of passivating the exposed or unexposed areas of the treated sibstrate by apply- 
ing an agent which will react with the exposed or unexposed areas and inhibit the deposition of the metal. It is in partic- 
5 ular preferred that such an agent neither forms bonds towards the ligand nor towards the metal. Examples of this agent 
include fluorinated silane compounds such as 1H,1H,2H,2H-Perfluorodecyldimethylchlorosilane and (Pentafluorophe- 
nyl)dimethylchlorosilane (PFPDCS). 

In addition, the Kind of substrate is not limited to a specific one. In particular, an inorganic oxide substrate such as 
made of Si0 2 , quartz, Al 2 0 3 , Ge0 2 , Ti0 2 , Sn0 2 , ITO etc. may be used. Moreover, insulator materials such as glass, 
10 plastics including teflon, ceramics as well as SiC and diamond etc. can be used. In addition, semiconductor substrates 
such as made of Si, Ge, GaAs etc. may be used. Furthermore, metal substrates, particularly noble metals such as gold 
etc., may be used. The substrate as mentioned above may as well comprise any kind of laminated substrate, wherein 
the surface layer includes any substrate material as mentioned above. 

According to the present invention, a substrate having a treated surface which is prepared by the method as 
is explained above can be used for the manufacture of semiconductor devices or printed circuits having conductive path- 
ways. Likewise, an at least partially metallized substrate which is prepared by the method as explained above can be 
used for the manufacture of semiconductor devices or printed circuits having conductive pathways. 
The following examples will illustrate the present invention. 

20 Example 1; 

A quartz substrate was cleaned in a mixture of H 2 S04/Na 2 S 2 0 8 and rinsed with distilled water until the resistivity 
of the rinsing water had a resistivity over 7.1 0 6 Qcm. The substrate was dried with isopropylalcohol and retained under 
argon until usage. This treatment is very efficient for enhancing the surface concentration of -SiOH. 

25 

Gasphase silylation 

The gasphase reactor used in the examples consists of a glass tube which can be heated up to approximately 
300°C by means of heating belts. The tube has valves with PTFE (teflon) seals for the supply of argon and the silylating 
30 agent and for the connection to the vacuum pump via a cool trap. A conical flange with a PTFE seal and an inner diam- 
eter of 60 mm allows for supply and retrieval of the samples. The silylating agent is stored in a small flask which is con- 
nected to a valve and which can be heated in order to achieve sufficient vapor pressure of the silylating agent in the 
system. 

The following steps were performed for sample preparation: At first, dehydration of the surface at 200°C for 3 hours 

35 was performed in order to remove adsorbed water. 

When monofunctional silanes are used, this step is not too critical. Even if the first monolayer of strongly adsorbed 
water molecules was not removed completely under these conditions, reaction with a silane molecule with adsorbed 
water molecules cannot result in deposition of crosslinked siloxane network as is the case when polyfunctional silanes 
are used. Rather, molecules that reacted with adsorbed water cannot bind to the surface and will desorb at low pressure 

40 and elevated temperature in the desorption step. 

Silylation was performed at substrate temperatures between 100°C and 200°C for 1 to 2 hours with DMCSE, 
BPTCS, TVCS and, as a comparative example, p-tolyldirnethlychlorosilane (TDMCS, pyrex). The whole system can be 
heated in order to achieve sufficient vapor pressure of the silylating agent and to allow for the reaction with the surface 
hydroxy! groups to occur. Subsequently, the input valve for the silylating agent was closed and the tube was evacuated 

45 for 3 to 6 hours at 1 00 to 200°C to effect desorption of merely physisorbed silylating agent molecules. 

The silylation procedure resulted in the formation of thin films and preferably monolayers of silane molecules having 
preferably a film thickness of about 1 nm. The silane molecules were coval ently bonded to the oxide surface via siloxane 
bonds as was confirmed by UV-Vis spectroscopy on quartz slides and imaging ellipsometry on silicon/silica samples. 
Repeated rinsing in organic solvents resulted in the removal of only a small amount (5 to 20 %) of silylating agent during 

so the first rinsing step only. No further decrease of UV-absorption was observed after further rinsing steps. The degree of 
loss clearly depends on the duration of the desorption step in the reactor thus providing further proof for the covalent 
attachment of the first monolayer. 

On these derivatized and optionally exposed substrate surfaces. Cu CVD was performed according to the following 
method: The chemical vapor deposition of Cu was conducted in a warm-walled bell jar reactor. The samples with sur- 

55 faces functionalized by gasphase-silylation were introduced into the reactor and placed on a heatable plate. CVD was 
performed using (VTMS)Cu(hfac) (Cupra-select from Schumacher, commercially available) and (DMCOD)Cu(hfac), 
which was synthesized according to an improved synthesis disclosed in the U.S. patents Nos. 5 096 737, 1992, and 5 
220 300, 1993. The CVD reaction conditions were as follows: The source temperature was 68°C in the case of 
(DMCOD)Cu(hfac) and 45°C in the case of (VTMS)Cu(hfac), the sample temperature was 220°C in the case of 
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(DMCOD)Cu(hfac) and 200»C in the case of (VTMS)Cu(hfac). The total pressure was held at 750 Pa (7.5 mbar) for the 
duration of the experiment of 20 to 30 minutes. 

Table 1 shows the results which were obtained when Cu CVD was performed on pyrex and quartz substrate sur- 
faces which had been subjected to a surface treatment with DMCSE, BPTCS, TVCS and to no surface treatment, 
respectively As a comparative example, p-tolyldimethlychlorosilane (TDMCS, pyrex) was used as a silylating agent. As 
expected poor deposition or no deposition at all occured on bare Si0 2 surfaces as well as on slides treated with 
TDMCS (pyrex). When the surface treatment was performed with DMCSE, BPTCS or TVCS, a rapid growth of a Cu 
CVD film was observed. The surprisingly short nucleation time was followed by a steady growth of the copper film. Its 
growth rate was comparable to what was found on other metallic substrates (typically 50 nm/min was obtained with this 
set-up on gold film substrates when (DMCOD)Cu(hfac) was used as a precursor). A scotch test was perfomied on 
these last two samples. The scotch removed almost completely the copper film in the case of DMCSE or TVCS treated 

SlidGS 

However, in the case of BPTCS treated surfaces, thefilm adhesion was clearly improved because only a small part 
of the copper film was removed. 



Table 1 



20 



25 



30 



Samples 


Surface treatment 


Cu CVD growth raie 
(nm/min) 
(DMCOD)Cu(hfac)/Cupr 
aselect 


OUUIU 1 icoi 


pyrex slides 


no 








DMCSE 


50/100 






TDMCS 








BPTCS 


50 to 80/100 to 120 


+ 




TVCS 


80/100 




quartz slides 


no 

BPTCS 


50 to 80/1 00 to 120 


+ 



35 The examples 2 and 3 will illustrate examples of patterning a negative and a positive image, respectively. Figs. 2 
and 3 show the optical microscope images of the products obtained in the examples 2 and 3. The copper pathways 
(dark portions) have a width of 10 >im and a thickness of 50 nm. On the bright portions, less than 10 nm copper are 
deposited. 

40 Example 2: activated metal deposition after exposure (negative image) 

A silylation procedure as described above was conducted using DMCSE as a silylating agent. Subsequently, UV- 
illumination was performed with a high-pressure mercury lamp (MOIIer GmbH, Germany) or low pressure Hg amp. type 
6035 (Pen Ray, Oriel Corp. France), mainly emitting at 254 nm and around 1 90 nm, using a mask. A typical illumination 
45 duration was 30 min to 2 h. 

Subsequently, copper CVD was performed as described above. 

As can be seen from Fig. 2, copper is selectively deposited on the sample. Copper is deposited on the non-exposed 
areas while it is weakly or not deposited on the exposed areas (negative image). 

so Example 3: passivated metal deposition after exposure (positive image) 

A quartz substrate was treated in the same manner as described above with reference to example 1 using MPTES 
as a silylating agent. 

UV-illumination was perfomed in the same manner using the same mask. 
55 Chemical vapor deposition of Cu was performed, resulting in a pattern as shown in Fig. 3. 

As can be seen from Fig. 3, copper is selectively deposited on the sample. Copper is deposited on the exposed 
areas while it is weakly or not deposited on the non-exposed areas (positive image). 

As has been shown by these examples, the present invention provides an excellent method of treating a subs rate 
surface so that in a subsequent metal deposition step a metallization pattern can be selectively applied without the 
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presence of a catalyst. 

The present invention relates to a method for treating a substrate surface. The substrate surface is coated with a 
thin film of a treating agent, which is capable of enhancing or reducing its affinity towards a metal precursor by exposure 
to an arbitrary kind of radiation beam. In a subsequent metal deposition step utilizing the metal precursor, the metal is 
5 selectively deposited on the exposed or unexposed areas, depending on the kind of treating agent. (Fig. 1) 

Claims 

I . A method for treating a substrate surface comprising the steps of: 

10 

providing a substrate; 

- applying a thin film comprising a treating agent, said treating agent reducing its affinity towards a precursor of 
a metal to be deposited upon exposure to a radiation beam. 

is 2. A method for treating a substrate surface comprising the steps of: 

providing a substrate; 

applying a thin fiim comprising a treating agent, said ireaiing agent enhancing lis affinity towards c precursor 
of a metal to be deposited upon exposure to a radiation beam. 

20 

3. A method according to claim 1 or 2, further comprising a step of exposing the treated substrate at least partially to 
a radiation beam. 

4. A method according to any of the prececfing claims, wherein the treating agent comprises at least one functional 
25 group enabling the treating agent in its irradiated or non-irradiated form to react with the metal precursor. 

5. A method according to claim 4, wherein the treating agent is represented by the general formula: 

X-L-Y 

30 

wherein X is at least one functional group for bonding to the substrate, L is a linker group, and Y is at least one func- 
tional group enabling the treating agent in its irradiated or non-irradiated form to react with the metal precursor. 

6. A method according to claim 5, wherein said treating agent is represented by the general formula 

35 

X^R 1 n M(R 2 Y) m , 

wherein R 1 and R 2 , respectively, respresent a substituted or unsubstituted, branched or straight chain alkyl group, 
a substituted or unsubstituted aryl group or a substitued or unsubstituted aralkyl group. M represents Si, Ge or Sn, 
40 k denotes an integer number of 1 to 3, m denotes an integer number of 1 to 3 and n = 4 - m - k with n * 0. 

7. A method according to claim 6. wherein R 1 and/or R 2 are f luorinated or partially f luorinated. 

8. A method according to any of claims 5 to 7, wherein X is a halogen atom or a methoxy or an ethoxy group. 

45 

9. A method according to any of claims 5 to 8, wherein Y is selected from halogen atoms, tosylate, CR=CR'2, -C«C- 
R, -SnR 3 , OSiR 3 , N 3 , OS0 2 CR 3 . -OS0 2 Ar, -OCN, -CN, -NC, and -SH, wherein R and R\ respectively, respresent 
a substituted or unsubstituted, branched or straight chain alkyl group, a substituted or unsubstituted aryl group or 
a substitued or unsubstituted aralkyl group. 

50 

10. A method according to any of the preceding claims wherein the thin film is a monolayer. 

I I . A method according to any of claims 3 to 1 0, comprising a step of applying a second treating agent on those areas 
having a reduced affinity towards said metal precursor for further reducing the affinity in these regions. 

55 

12. A method according to claim 1 1 , wherein said second treating agent is a f luorinated or partially f luorinated silane 
compound. 

1 3. A method according to any of the preceding claims wherein said treating agent is applied by means of a CVD proc- 
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ess. 

14. A method according to any of the preceding claims, wherein the radiation beam is selected from visible light, ultra- 
violet light, X-rays, y-rays. electron beams or ion beams. 

5 

1 5. A method according to any of the preceding claims, wherein the substrate is made ol an oxide selected from SiO* 
quartz, Al 2 0 3 . Ge0 2 , Ti0 2 , Sn0 2 , ITO. of an insulator selected from glass, plastics including teflon, SiC, diamond 
and ceramics, of a semiconductor selected from Si, Ge, and GaAs, or of a metal. 

io 16. A method for producing an at least partially metallized substrate, comprising the steps of: 

- treating the surface of said substrate according to the method of any of claims 1 , 3, and 4 to 1 5, when depend- 
ent on claims 1 or 3; and 

- depositing a metal. 

15 

17. A method according to claim 16, wherein the metal is deposited in the absence of a catalyst. 

18. A method according to claim 16 or 1 7, wherein ihe metal is deposited in a CVD process. 

20 19. A method according to any of claims 16 to 18, wherein said metal is copper. 

20. A method according to any of claims 16 to 19, wherein the metal deposition is conducted by using a metal precur- 
sor and/or disproportionating said metal precursor. 

25 21. A method according to daim 20, wherein the metal precursor is a (p-diketonate)Me(l)L complex or Me(p-dketo- 
nate) n , with n being an integer number of 1 to 4, wherein Me is the metal to be deposited, and L denotes a Lewis 
base. 

22. A method according to claim 21, wherein said Lewis base is selected from vinyltrimethyisilane, 3-hexyne or (dime- 
30 thyl) 1 ,5-cyclooctadiene. 

23. A method according to any of claims 21 and 22, wherein the p-diketonate is hexafluoroacetylacetonate. 

24. A substrate having a treated surface being prepared by a method according to any of claims 1 to 15. 

35 

25. Use of a treated substrate according to claim 24 for the manufacture of semiconductor devices or printed circuits 
having conductive pathways. 

26. Use of an at least partially metallized substrate being prepared by a method according to any of claims 1 6 to 23 for 
40 the manufacture of semiconductor devices or printed circuits having conductive pathways. 
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Fig. 1 
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